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CLAIMS 



(57) [Claim(s)] 

[Claim 1] The manufacture approach of the enzyme functional electrode characterized by electrodepositing carbon, 
building the conductive cloth foil and fixing an enzyme directly on it after carrying out metal plating processing of the cloth 
foil with the flexible SHIBIRI nature which consists of a vegetable fiber, an animal fiber, or an artificial fiber. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] — " " " 

(Field of the Invention) 

t T h h j™^, r haS flexib, ! S ? ,BIRI nature ; surface area is large and it is light, and a cut is easy and is related with 

aki ™ u •? ^ T 03 ^- ° f a " enZyme funcHonal e,eclrode useful to a biosensor and the object for biotechnology 
AKUTA with the wide application range. a/ 

(Prior art) 

m e «.™ e n! UnCti0na ' f e !! C l 0d l for biosensors makes ,ne biochemistry matter of the measuring object react as a 
™^Tn ™ t T* ° f J h !l b ? C ^ m ? y matter concentration in measured liquid using an enzyme/measures the 
concentration of the product electncally, and it is used in order to carry out the quantum of the subsfrate which 
contributes to an enzyme reaction indirectly. 

^T™.?f! hf " f Hf"^ 6 e ' eC l r u de US9d f ° r the abov ^entioned biosensor, what consists of a working electrode 
E^tfc f 6 £ * n T" I h '! WOrking elec,rode consists of a P° ,v membrane which fixed the enzyme which 
becomes the substrate electrode which consists of platinum with the measuring object, and film which chooses and 

penetrates one of the products of the enzyme reaction by this enzyme 
(Object of the I nvention) 

^ a S 0 a n tt1?nf, b nh?K the SUbSt T f le ? roc !5 Which consists of platinum is usual| y used for tha enzyme electrode. For 

3 ° f * enZyme 6 6C ^ 0de Wh ' Ch °° nSiS,S ° f 3 Working electrode wnicn "-^ t° ^ the enzyme which 
makes a substrate the measuring object biochemistry matter which JP.62-235557.A forms a poly membrane in a 

« ode * urface ' and ,s contained in a measured specimen in this poly membrane, and the oxidation- 
wfh r ° X ° r J™*? W,th the reaCtion by tnis enzvme - and this working electrode and the contrast 
£££ I *HH v e Imn ? arsed . Int0 a measured specimen indicates, the platinum plate itself is using for a substrate 
eectrode. In addition, although various enzyme functional electrodes are indicated by JP 62-215861 A JP 62-14061 A 
nSh^f T T"* electr ode indicated by these is an enzyme electrode formed by using the platinum plate itself as a ' ' 
m^brane 9 lam,nat| ng of the enzyme transparency film, the enzyme fixed film, and the semipermeable 

3,1 eleCtr0de ' 3 P ' atinUm e,eCtr0de ' eta Whicn were men,i °ned above cannot be 
freely bent to flexible SHIBIRI nature but are inconvenient to change the form of an electrode according to a measured 

h^Z't? K 0ml - ^TT' :° rkabi,ity iS a,S0 tad at the P° int whose <=ut is easily impossib e MoreoveMt also 

Sin I S ^ 3 P eleCtTOde iS Sma " and " S3yS that se ns'bility is low since surface area is 

Recently as use as a bioreactor of an enzyme electrode, an enzyme is directly fixed in an electrode surface the 

hi nlrfnS", ! a H d '^ renCe apP ' ied 10 an e ' eCtrode is cnanged ' and ^ntrolling a reaction from the outside has come to 
be performed Under the present circumstances, in a bioreactor, reactivity is important. Also in this case since surface 
area of a platinum electrode is small, it has small [ reactivity ] the trouble that sensibility is low 

1™!!*° H 9n r,! S demanded fen if a bioreactor enzyme electrode's being filled up with the configuration expected 
to a reactor and a fill increase, a platinum electrode has many problems also at this point expecieo 
(The means for solving a technical problem) 

The purpose of this invention is to solve the fault of the above-mentioned conventional technique 

InHn^rT fhlT aP i ) I 0aCh ° f the en2yme func «°nal electrode characterized by electrodeposi'ting carbon, building the 

™ u * f °" and fi x 'n9 a n enzyme directly on it after this invention carries out metal plating processing of the 

SH IB R ^^JSSJSS? "Sfl? T V a rf Ve9etable an animal " ber 0r an fiber Flexible 

!nH tho o" t J nonmetal fiber cloth foil has J. surface concave convexity, lightweight nature, and cut ease 

T^lZl / n9 '.K e P erforT n a noe which a metal has are combined very effectively, and the enzyme functional 
tt l S,Wi^r nlian f!! S ,he effectiv eness that the fault of the conventional technique is canned. 
SZSSt fnln T ^'ffness-and-softness A law (the 45^Jegree cantilever method), the flexible SHIBIRI nature of 

or mZn ™ h eeCtr ° de of < hls ( ,nVant '° n is a 50mm " 150mm s0 « thin 9- addition, the measurement by 200mm 
or more on parenchyma is impossible for the usual platinum electrode. 

fo X nlvihirh a ' ^T 5 ' SUCh asanimal fibers, such as vegetable fibers, such as cotton which has flexible SHIBIRI nature 
i.e flexibility, and hemp. wool, and silk, KYUBURA. acetate, polyester, a polyamide. a polyacrylonitrile polyure hane 
and polypropylene, are sufficient as the cloth foil used for this invention, and it does not interf^n me form of 

'mZEZSl ° f m °, re SOftS 0f mix Spinning of ,nese eeeb- and a mi *ed fabric, either. The gestalten of the cloth foil 

are texhles, knrttmg, a bal race, a network, cloth textile fabrics, paper, etc. Although the desirable degree of " is 1 denier 

lES,"" " 0t ^ t0 ,hiS ; ? h0U9h * d0eS " 0t interfere even if il is 1 denier <" 'ess. manufacture becUes 
E^SSSW V f m . ^ ni t r k 55 SerV6S 35 0081 qUanti,y - Moreover ' in 1000 de "iers or more, it 
SmTnttc!! 6 hard 3nd h3d thS fleXible SHIBIRI nature wnicn is the P ur P° se of 

w^hr^ Pe rt rS °, n had , P, revi ? us )y ,he fie xi ble SHIBIRI nature which it comes to fix directly in gold or the electrode 
wh^h earned out s.lver plating in the cloth foil, and surface area was large and he proposed the Ught enzyme functional 
electrode wrth an easy cut (Japanese Patent Application No. No. 319412 [ 63 to j) Although ^TSSRuTSSS 
property, and metaled elution is produced in the potential impression below -0.5v these problem Tdo nofproduce the 



electrode of this invention. As a metal which should be carried out metal plating, nickel, copper, etc. are desirable. 
The plating approaches, such as nickel and copper, have a desirable electroless deposition method. Electrodeposition is 
used as an approach of giving carbon on the these-plated metal. Since the carbon coat by which thickness was 
controlled on the fiber front face can be made easily, without choosing the gestalt of fiber with this electrodeposition 
process, there is flexible SHIBIRI nature, surface area is large and a light and conductive textile with an easy cut can be 
obtained. Cheaply firm metalization is attained in this way. 

Immobilization of the enzyme to a metalization cloth foil top can be performed with a proper fixing method. Usually, it is 
carried out by the approach of making the solution or dispersion liquid of film-forming resin contain an enzyme or enzyme 
liquid, and applying to them etc. One of the desirable approaches is the approach of using the prepolymer dispersion 
liquid of polyurethane. 

If the enzyme used for this invention delivers and receives an electron for a reaction, you may be which enzyme and 
dehydrogenase enzymes, such as OKISHIDAZE enzymes, such as glucose oxidase, galactose oxidase, alcohol oxidase, 
and cholesterol oxidase, glucose dehydrogenase, and alcohol dehydrogenase, other diaphorases, a catalase, etc. will be 
mentioned. 
(Example) 

Below, the example of this invention is explained. 

(A) Production of an electrode What is described below is Example I. A NADH (nicotinamide adenine dinucleotide) 
reactor electrode, example II It is an example in the case of producing a cinnamyl alcohol reactor electrode. 

* Production of the plating cloth foil Deed nickel-plating cloth was first obtained for nickel plating in the taffeta (passing 
170 consistencies/inch, 85 latitude density/inch) which consists of degree polyester filament yarn of ** of 50 deniers (the 
number of filaments 24) according to the following formula. 

Catalyst grant processing Place Way Chlorination rose JIUMU 0.3 g/L Stannous chloride 15.0 g/L Hydrochloric acid 
(35%) 200 cc/L Liquid ** 30 degrees C Processing time For 10 minutes Hot air drying was enough carried out at 80 
degrees C after rinsing. 

Activation Subsequently it is a processing electroless-nickel-plating method for 3 minutes at the inside of the water 
solution of hydrochloric-acid (35%) 200 cc/L, and 50 degrees C. - ** (** [************ .) ********** _a ************ e psilon ** . 

********** **************** gpgjiQp ** ********** **** ********** ^_ ** 9m press ****** _ ******** **** ** ** ** ********** 

****** ****************** **** | ********************** Forerunner I **** ****************** Forerunner I **** ** ** 
************ j **** ****************************** ** ******** 

Liquid ** 20 degrees C Addition power 800 clones Processing time Production of a 100-second fixed solution It fixed by 
the technique of JP,62-263668,A. What mixed eye ZERAKKUSU 0 (Hodogaya Chemistry) 1 2. 5mg and eye ZERAKKUSU 
P(Hodogaya Chemistry)10mg with eye ZERAKKUSU 1020 (Hodogaya Chemistry) 500mg was added, and it fully mixed. 
Next, the example I: Diaphorase (Pharmacia, Inc.), example ILdiaphorase (Pharmacia, Inc.), and 30mg (Sigma) of 
alcoholic hydrogenases were added, respectively, and it fully mixed. 

Production of an enzyme fixed electrode The fixed solution (example l-A 30mg, example l-B 60m g) was applied to the 
carbon electrodeposition cloth foil (example l-A 320mm2, example l-B 640mm2), and desiccation film production 
immobilization was carried out at 25 degrees C for 24 hours. 

(B) Engine-performance check The bioreactor-operation according the check of the engine performance to electrical- 
potential-difference impression was measured, and was performed. The Measuring condition is as follows. 

** ** potentiostat (Day Thickness Measurement NPGFZ-2501 A) 

Reference electrode (silver/silver silver chloride electrode) 

Contrast electrode (platinum plate) 

High performance chromatography (Shimadzu Corp.) 

Electrolytic solution 0.1M Glycine buffer (pH9.6) 

0.1 M Potassium chloride 1mM Methyl viologen (Sigma) 

Join ** I bioreactor nature The enzyme functional electrode of this invention was immersed in the above-mentioned 
electrolytic solution, the potential of -0.9V was fixed-time-applied and what was generated or consumed was caught with 
high performance chromatography. 

Example I NAD+ (2mM) added as shown in drawing 1 receives reduction with an enzyme functional electrode, and 
NADH is generated. 

Example II The cinnamaldehyde (2.3mM) added as shown in drawing 2 receives reduction with an enzyme functional 
electrode, and is consumed. 

It became clear that Examples I and II of the enzyme functional electrode of this invention are useful as a bioreactor. 

I blanket-like electrode characteristic The enzyme functional electrode of this invention has large surface area. Moreover, 
since it was a blanket-like electrode, flexible SHIBIRI nature was large, and the easy light and electrode of a cut was 
obtained. 

Flexible SHIBIRI nature was measured by JISL-1096 stiff ness-and-softness A law (the 45-degree cantilever method), 
and the 100mm thing was obtained. It is drawing 1 which the electrode surface product was changed and was measured. 
Productivity is [ the one where an electrode surface product is larger ] large. 

When the enzyme functional electrode of this invention was used for an AIO reactor so that clearly [ it may be the above- 
mentioned result and ], the sex from Takao and the high sensitivity thing were obtained according to the surface area 
being large. 

II direct fixed property Since the enzyme functional electrode of this invention had fixed the enzyme in the electrode 
surface, it became possible [ controlling a reaction from the outside ] by changing the electrical potential difference to 



which migration of the electron in an electrode is added by the electrode. If Examples I and II stop applied voltaqe an 
enzyme reaction stops immediately. y FK w 

(Effect of the invention) 

The sex from Takao, the bioreactor of high sensitivity, and a biosensor are given according to the enzyme functional 
electrode of this invention having large surface area. Moreover, it has flexible SHIBIRI nature, and processing of a cut etc 
is easy, and since the form of an enzyme functional electrode is freely changeable, the applied large features are qiven 
Furthermore, since the enzyme is fixed directly, it is controllable from the outside in a reaction. 

DESCRIPTION OF DRAWINGS ~~ " " ~ ~ 

[Brief Description of the Drawings] ~ " » ~_„ 

Drawing 1 shows the amount of NADH(s) which added NAD+ (2mM) received reduction with the enzyme functional 
electrode, and generated. 

The surface area of 2 (mark) and B of the surface area of A is 2 (- mark) 640mm 320mm 

Drawing 2 shows the amount in which the added cinnamaldehyde (2.3mM) received reduction with the enzyme 

functional electrode, and was consumed. 




[Translation done.] 
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